Fibre-enriched seafood by Borderías, A. Javier et al.
© Woodhead Publishing Limited, 2013
 17 
 Fibre- enriched seafood 
 A. J.  Borderías and  M.  Pérez-Mateos,  Instituto de Ciencia y Tecnología de 
Alimentos y Nutrición (ICTAN-CSIC) (formerly Instituto del Frío), Spain, 
and  I.  Sánchez-Alonso,  Instituto de Estructura de la Materia (IEM-CSIC), 
Spain 
 DOI: 10.1533/9780857095787.4.348 
 Abstract: The chapter reviews addition of soluble, semi- soluble and insoluble dietary 
fi bre (DF) of various origins to restructured seafood products. It pays particular attention 
to the effect of non- soluble or partially soluble ones, since soluble DF has been more 
extensively studied and more frequently used for many years in the processing industry. 
The main purpose of this addition is technological, but its presence may have a positive 
effect on health. A compromise needs to be found in order to meet functional and 
technological requirements while offering consumers healthy, tasty and attractive 
seafood products. 
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 17.1 Introduction 
 Restructured seafood products are foods made from minced and/or chopped 
muscle which are used, with or without additives/ingredients, to make other 
products with new appearance and texture (Borderías  et al. , 2005; Ramírez  et al. , 
2011). Different types of matrices can be used depending on the integrity of 
the muscle: from pieces of fi llets to minced fi sh or  surimi , which is a paste 
of stabilized myofi brillar proteins with long frozen storage stability and unique 
gel- forming abilities. These restructured products are good carriers for functional 
ingredients. Thus, fi sh muscle as a food vehicle for bioactive ingredients has 
considerable potential for tailoring foods with the required functional and sensory 
characteristics. 
 Many of the dietary fi bres (DFs) currently used for technological purposes in 
seafood products are highly soluble and come from algae, such as carrageenans, 
or from seeds, such as locust bean, guar, xanthan and inulin, and others from 
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bulbs, like glucomannan. On the other hand, there is very limited experience in 
the use of insoluble DF, such as cereal DF or partially insoluble DF, for example 
from peas, in seafood products. The advantages of DF are that they are practically 
calorie- free and for technological purposes they provide good water- binding 
capacity and can be used to modify texture. There are many references in the 
literature to addition of insoluble or partially insoluble DFs to meat and other food 
products, but there are hardly any references to addition of this type of DF to 
seafood products (Borderías  et al. , 2005; Ramírez  et al. , 2011). Another type of 
DF of particular interest for addition to fi sh products is antioxidant DF (ADF), 
obtained mainly from some fruits which contain both well- balanced soluble/
insoluble DF (more than 50%) and natural constituents with specifi c antioxidant 
capacity (Saura-Calixto, 1998). 
 In most of the studies found in the references, DF was added to seafood 
products for technological purposes and therefore the amount added was small. 
From a functional point of view, according to the EU regulation (EC, 2006), a 
product can be labelled as a ‘source of dietary fi bre’ if it contains a minimum of 
3% fi bre or a minimum of 1.5 g fi bre per 100 kcal, and as having ‘high content of 
fi bre’ if it contains 6% fi bre or a minimum of 3 g of fi bre per 100 kcal. Given that 
the calorie content of fi sh muscle is low (around 70–120 kcal/100 g in white 
species and 130–200 kcal/100g in fatty species), most of the studies cited in this 
chapter would meet the fi rst requirement, with about 1–2.5% of fi bre. 
 The technological and functional characteristics of these fortifi ed products 
are very important, but they must also be compatible with sensory properties. 
For instance, they have to be attractive products to market, and therefore the 
product development process should incorporate consumer studies from the outset 
(Careche  et al. , 2008). This chapter is organized on the basis of DF origin while 
addressing the technological importance of different types of DFs added to 
restructured seafood products. 
 17.2 Fortifi cation with dietary fi bres of aquatic origin 
 17.2.1 Seaweeds 
 Seaweeds contain signifi cant amounts of insoluble and soluble polysaccharides, 
and hence offer potential for fortifi cation of food products with DF for technological 
and physiological purposes. Seaweed is particularly suitable for enriching muscle- 
based restructured products. Some papers have been published on its use as an 
ingredient in meat products (Chun  et al. , 1999; López-López  et al. , 2010; Cofrades 
 et al. , 2011), but there is scant information about addition to fi sh muscle. 
 Most seaweeds are useful dietary supplements because they are important 
sources of polysaccharides, minerals and vitamins. Many types of seaweed 
contain high concentrations of DF and omega-3 fatty acids, which are benefi cial 
to health (Norziah and Chio, 2001). Seaweeds are also a source of other bioactive 
compounds, such as phytochemicals, sterols, tocopherols and phycocyanins, that 
are recognized to possess health benefi ts for humans, such as antitumoural, 
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anticholesterolaemic, antiviral and antioxidant activities of seaweed constituents 
(Jiménez-Escrig and Sánchez-Muñiz, 2000; Venugopal, 2009). 
 One seaweed that has been extensively studied is  Fucus vesiculosus 
L. ( Phaeophyta ) . This is an edible brown- coloured perennial dioecious seaweed 
which contains protein, minerals, iodine, vitamins and mono- and polyunsaturated 
fats (Rupérez, 2002; Morel  et al. , 2005). However, the components most 
directly responsible for the reported health effects of  Fucus are non- digestible 
polysaccharides (DF) and polyphenols. This DF is composed of fucans, alginates, 
laminaranes, cellulose and fucoidan, the predominant polysaccharide. In fact, 
fucoidan (a sulphated polysaccharide) has been found to possess high antioxidant 
capacity (Jiménez-Escrig  et al. , 2001; Rupérez  et al. , 2002; Morel  et al. , 2005) 
due to the presence of phenolic compounds and the synergic effect of phlorotannins, 
vitamin E and certain carotenoids (Rupérez  et al. , 2002). Díaz-Rubio  et al. (2011) 
studied the technological effect of ADFs from  Fucus vesiculosus added to minced 
horse mackerel ( Trachurus trachurus ) during frozen storage. Minced fi sh samples 
supplemented with 1 and 2% ADF were compared with ADF-free control samples. 
The mince with ADF had lower lipid oxidation than those without addition of 
ADF, and the total drip (after thawing + cooking) was reduced after 3 months of 
frozen storage. When it was supplemented with 1% ADF, its fl avour did not differ 
from the control. When it was supplemented with 2% ADF, the fl avour did differ 
from the control, but it was still acceptable. Since 100 g horse mackerel muscle 
had 139 kcal, the fi sh sample could only be considered a source of fi bre when it 
contained at least 2 g of ADF per 100 g fi sh muscle. 
 17.2.2 Seaweed hydrocolloids 
 Seaweeds are a good source for extraction of hydrocolloids. Seaweed hydrocolloids 
are the most widely used in the food industry after starch. They are currently used 
for technological purposes as thickening, emulsifying and gelling agents. They 
may also be considered as a source of soluble DF if used in adequate quantities. 
 Alginates are soluble DF from seaweed, usually used as food additives, 
especially in the production of gel- like foods. One of the particular characteristics 
of alginate is that it is capable of thermostable cold gelation (below 10°C) when a 
source of Ca 2+ is added. Alginates are usually used mainly as gelling agents by 
incorporating minced fi sh in an alginate gel. In this way, the fl aky internal 
appearance of fi sh fi llets can be simulated by alginate layering (Glicksman, 1987). 
Recently, it has been used to develop a restructured fi sh product having the 
fl aky appearance of raw fresh fi sh, from fi sh fi llet trimmings and minced 
hake ( Merluccius capensis ) muscle (Moreno  et al. , 2008; 2010). Also, alginates 
can be used as a thickening agent without addition of Ca 2+ . In this case, Pérez-
Mateos and Montero (2000) reported that the gel properties tended to be weakened 
by increasing concentrations in a range of 0.5–4 % alginate in blue whiting 
( Micromesistius poutassou ) mince ( Table 17.1 ). Differential scanning calorimetry 
(DSC) analysis detected strong synergistic interactions when blended with 
carrageenan, but that did not affect the rheological properties of blue whiting 
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mince gels (Pérez-Mateos  et al. , 2001). Besides, the gel- forming ability of blue 
whiting mince gels containing 0.5% alginate can be modifi ed by applying high 
pressure during the gelation process (Pérez-Mateos  et al. , 2002). Alginate has also 
been found to have a cryoprotective effect (about 0.5%) in cod  surimi and red 
hake ( Urophycis chuss ) mince, preventing muscle fi bre interaction and hence the 
dispersibility of the mince, but this effect was weaker than that produced by 
carbohydrates or polyalcohols (Sych  et al. , 1990; Lian  et al. , 2000). 
 Others sources of soluble DF from seaweed are sulphated polysaccharides 
( κ - and  ι -carrageenans). In a concentration range of 0.2–5%, these can modify the 
properties of restructured fi sh products, such as texture, water- holding properties 
and colour, as a result of their gel- forming capacity and their ability to interact 
with the myofi brillar protein due to their anionic nature. According to Ortiz and 
Aguilera (2004), the enhancement in the textural properties of horse mackerel 
 surimi gels containing  κ -carrageenan are very similar to those observed in other 
hydrocolloids such as starch and form ‘packed’ microgels within the protein gel 
network through different mechanisms. In studies carried out in blue whiting 
mince,  κ -carrageenan addition produced the hardest gels ( Table 17.1 ), in direct 
proportion to the amount added (Pérez-Mateos and Montero, 2000). A mixture of 
 κ - and  ι -carrageenan was used to increase hardness in formulations containing 
proteins recovered from cape hake by- products (‘sawdust’) to prepare a 
frankfurter- type fi sh sausage (Pires  et al. , 2009). Other products in which 
carrageenan has been used to enhance gel- forming capacity are: ‘sawdust’ from 
hake muscle ( Merluccius australis ) (Borderías  et al. , 1996); minced chum salmon 
fl esh (Gao  et al. , 1999); sardine ( Sardina pilchardus ) mince (Gómez-Guillén and 
Montero, 1996; Gómez-Guillén  et al. , 1997); and fi sh burgers from spotted 
croaker ( Protonibea diacantha ) (Kasapis  et al. , 2004). Also,  κ -carrageenan has 
been used to stabilize a  surimi emulsion blended with tofu powder to produce a 
smoother and more compact gel network (Panyathitipong and Puechkamut, 2010). 
In the case of blue whiting mince, the gelling coadjutant effect of carrageenans 
can be explained by the fact that they are distributed throughout the mince matrix, 
and the size of the cavities formed and the volume occupied are such as to form a 
continuous structure inside the gel cavity (Montero  et al. , 2000). In giant squid 
( Dosidicus gigas ) mince,  ι -carrageenan forms an independent network which 
supports the main structure after heat- treatment (Gómez-Guillén  et al. , 1996). 
After high pressure gelation of blue whiting mince, 0.5%  ι -carrageenan appears in 
globular form, indicating that it has not gelled; on the other hand, 0.5% 
 κ -carrageenan forms small, fi ne reticular structures and noticeably increases 
water-holding capacity (WHC), as shown in  Fig. 17.1 (Pérez-Mateos  et al. , 2002). 
 κ -Carrageenans are also used in blends with other hydrocolloids (locust bean 
gum, guar gum, xanthan gum, carboxymethylcellulose (CMC), alginate) and even 
blends of different types of carrageenan ( kappa plus  iota ) in order to modify the 
properties of heat- induced gels made from blue whiting mince (Pérez-Mateos 
 et al. , 2001). Carrageenans ( lambda and  iota ) have also been studied for their 
cryoprotective effect in cod  surimi at 0.5%; however, as in the case of alginate, 
they were less effective than carbohydrates or polyalcohols (Sych  et al. , 1990). 
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 Agar, which is composed of 70% agarose and 30% agaropectin, is a soluble DF 
derived from a polysaccharide that accumulates in the cell walls of red algae and 
is a rich source of DF. Chen and Xue (2009) reported that the addition of agar can 
improve the gel- forming properties of horse mackerel  surimi since it forms a 
dense and uniform three- dimensional network. Agar has also been used for its 
cryoprotectant effect in marlin fi sh  surimi at 1–2% (Ueng and Chu, 1996). 
 17.2.3 Seafood waste polysaccharides 
 The term ‘dietary fi bre’ includes not only non- digestible parts of vegetables but 
also DF polysaccharides of animal origin such as chitosan, which are derived 
from the chitin contained mainly in the exoskeletons of crustaceans, squid pens 
and in certain other organisms including many fungi, algae, and yeast. Chitosan, 
an aminopolysaccharide containing  β -(1–4)-linkages as in cellulose, is known to 
possess numerous technological and physiological properties useful in foods 
(Koide, 1998; Shahidi  et al. , 1999). As regards physiological activities, its highly 
polymerized oligomers show strong functionality (Jeon  et al. , 2000). Studies on the 
use of chitosan in foods mainly address its antimicrobial and antioxidant capacity in 
solution, in powdered form and also in fi lms and coatings (No  et al. , 2007; Friedman 
and Juneja, 2010). Chitosan has been used in fi sh muscle or fi sh gels for its 
antioxidant capacity and its antimicrobial capacity, in a range that depends on the 
type of chitosan: from 50–200 ppm to about 0.5–1.5%. As mentioned above, to be 
considered a source of fi bre a seafood would have to contain at least 1–1.8% per 
100 g of muscle in lean species or about 2–3% per 100 g of muscle in fatty species. 
It has been used to reduce lipid oxidation in minced horse mackerel ( Trachurus 
spp.) muscle under high pressure (Gómez-Guillén  et al. , 2005) and in  kamaboko 
gels made from grass carp ( Ctenopharyngodon idellus ) (Wu and Mao, 2009). Kamil 
 et al. (2002) and Shahidi  et al. (2002) reported that lower- viscosity chitosan (14 cP) 
was more effective than higher- viscosity chitosan in preventing lipid oxidation in 
 Fig. 17.1   Water- holding capacity (WHC) of blue whiting minced gels containing 0.5% 
of different hydrocolloids (a: alginate; b:  κ -carrageenan; c: CMC; d: xanthan) under 
different gelling treatments (T: 37°C, 30 min/90°C 50 min at atmospheric pressure; L: 200 
MPa, < 10°C, 10 min; H: 375 MPa, 3°C, 20 min). Different letters in each row (a, b) indicate 
signifi cant difference (   p ≤ 0.05). Adapted from Pérez-Mateos  et al. (2002) and Montero 
 et al. (2001). 
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cooked comminuted fl esh of herring ( Clupea harengus ) and cod ( Gadus morhua ) 
after cooking. Chitosan has been reported to effectively inhibit microorganism 
growth in threadfi n bream ( Nemipterus spp.) (Kok and Park, 2007), in  kamaboko 
gels made from grass carp (Wu and Mao, 2009), and in cod patties when applied as 
a coating but not when added in powdered form (López-Caballero  et al. , 2005). As 
a texture modifi er it has been used in concentrations of 1–1.5% in combination with 
calcium chloride, greatly improving the gelling properties of barred garfi sh 
( Hemiramphus far ) (Benjakul  et al. , 2001; 2003) and the low- quality walleye 
pollock ( Theragra chalcogramma )  surimi gels (Kataoka  et al. , 1998). Chitosan (1% 
w/w) has been reported to have a cryoprotective effect on croaker fi sh ( Johnius 
gangeticus )  surimi similar to commercial cryoprotectants, both of which minimized 
the negative effects of frozen storage on physicochemical attributes of myofi brillar 
proteins (Dey and Dora, 2010). In lizardfi sh ( Synodontidae spp.)  surimi , chitin 
hydrolysates retard the effects of freeze- induced denaturation by stabilizing the 
hydrated water molecules that surround the protein (Somjit  et al. , 2005). 
 17.3 Fortifi cation with dietary fi bres of terrestrial origin 
 17.3.1 Seeds 
 Guar gum, locust bean gum and tamarind gum are examples of water- soluble DFs 
extracted from seeds. They are used to enhance functional properties such as 
WHC and rheological properties at low concentrations (about 0.5–1%). Addition 
of 1% guar gum to minced fi sh muscle, which is the requirement to be considered 
as a source of fi bre in lean fi sh, has been found to signifi cantly increase the WHC 
of blue whiting mince gels (by about 15%). Higher concentrations (up to 4%) did 
not improve the effect and reduced folding test and hardness scores ( Table 17.1 ) 
(Pérez-Mateos and Montero, 2000). 
 Locust bean gum (1%) has been found to increase the breaking deformation of 
blue whiting mince gels (Pérez-Mateos and Montero, 2000). However, other 
studies have reported that locust bean gum (1%) negatively affected the shear 
stress of myofi brillar protein gels from silver carp ( Hypophthalmichthys molitrixat ) 
(Ramírez  et al. , 2002). Both gums (1% locust bean and 0.5% guar gum) behave 
differently in blue whiting mince gels under different gelling conditions 
( Fig. 17.2 ), probably because of the different structure that forms in the fi sh gel 
matrix: fi lamentous in pressurized gelation and more aggregated in heat gelation 
(Montero  et al. , 2001). Chen and Xue (2009) reported that addition of tamarind 
gum improved the gelation properties of horse mackerel  surimi , which formed a 
dense and uniform three- dimensional network. 
 17.3.2 Cereal dietary fi bres 
 Wheat dietary fi bre in surimi  and surimi  gels 
 Wheat DF (WDF) is one of the most widely used ingredients as dietary fi bre 
sources. It is composed mainly of cellulose and hemicellulose, which makes it 
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highly insoluble. It is white in colour and neutral in taste and smell, which is very 
important for use as an ingredient in fi sh products based on  surimi and minced fi sh 
muscle. 
 Various authors (Sánchez-Alonso  et al. , 2006; 2007a) carried out studies on 
the inclusion of WDF (Vitacel ® ) in gelled fi sh products. They were performed 
on two types of  surimi , Alaska pollock and giant squid, at two concentrations 
(3% and 6%) and with two different WDF particle sizes (80 and 250  μ m). The 
results in both types of  surimi are similar, and from the point of view of gelation 
can be regarded as good quality, although water retention properties, and hence 
mechanical properties and texture, are signifi cantly affected because the protein 
network becomes less homogeneous ( Fig. 17.3 ) (Sánchez-Alonso  et al. , 2006; 
2007a). This porous structure has been described by other authors in  surimi 
products to which hydroxylpropylmethylcellulose was added (Chen  et al. , 2005). 
One of the reasons for lower gel strength (Sánchez-Alonso  et al. , 2007a) may also 
 Fig. 17.2  Scanning electron microscopy images (× 1500 magnifi cation) of blue whiting 
minced gels containing 0.5% guar gum. a: 200 MPa, 7°C, 10 min; b: 375 MPa, 37°C, 
20 min. Adapted from Montero  et al. (2001). 
 Fig. 17.3  Scanning electron micrographs (×1000 magnifi cation) showing the arrangement 
of WDF in giant squid surimi gels. (a) Control sample without WDF; (b) sample 
with 6% WDF. 
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be that the inclusion of WDF involves a substitution of protein by DF and there is 
a well- known relationship between the actomyosin concentration and the ability 
to form a gel (Park, 2005). Sánchez-González  et al. (2009) studied the interactions 
of DF with the water and protein in Alaska pollock gels with added WDF using 
Raman analysis. The authors of this study suggest that water transfer from protein 
to WDF can occur, either taking water that is delivered from the gel protein upon 
heat- mediated formation of  β -sheets and hydrophobic bonds and/or acting as an 
active dehydrating agent. Furthermore, the addition of WDF to products made 
from Alaska pollock surimi increases gel brightness and luminosity. 
 The particle size of the added WDF is also relevant, since hydration properties 
and fat retention capacity decrease with decreasing particle size (Ang and Crosby, 
2005). Decreasing DF particle size generally leads to changes at two levels: an 
increase in the surface area of particles and/or a decrease in the volume of internal 
holes (Nelson, 2001). The shorter particle WDF (80  μ m) is denser than the longer 
particle WDF (250  μ m), giving it a more compact structure in which less water 
can be retained (Miller, 1986). In gels made from giant squid  surimi , both short 
and long particle DFs have the same water- binding effect, but after freezing short 
WDF binds more water than long WDF. This may be due to the disruption caused 
by the WDF particles in the protein network that forms the gel; this will be 
aggravated if the amount of WDF is increased, while a small particle size may 
cause less disruption. As regards texture, WDF makes gels softer and more 
deformable; this attenuates the gummy texture, which is not acceptable in western 
countries (Sánchez-Alonso  et al. , 2007a). 
 Wheat dietary fi bre in minced fi sh products 
 Sánchez-Alonso  et al. (2007b) studied the incorporation of levels of 3–6% of 
WDF with a constant water percentage in minced muscle of two fi sh species: hake 
and horse mackerel. The results show that, when water is added to the formula to 
maintain the fi nal moisture of the products, the presence of WDF reduces the 
water retention properties, but this loss is smaller when the particle size is small. 
However, when no water is added, more water is retained in minced fi sh muscle 
with WDF than without it. The presence of WDF signifi cantly increases the WHC 
after thawing and cooking in minced fi sh muscle even when water is added to 
maintain the fi nal moisture. Thus, if minced fi sh muscle is to be battered and fried, 
the addition of WDF will be useful, since it will prevent breakage of the coating 
and deformation of the fried portions (Nelson, 2001; Sánchez-Alonso  et al. , 
2007b). The incorporation of 3–6% WDF into minced fi sh muscle signifi cantly 
affects product texture, as measured either instrumentally or by sensory analysis, 
making it less fi rm and cohesive (Sánchez-Alonso  et al. , 2007b). There are no 
signifi cant differences in shear strength of samples with and without WDF at the 
concentrations cited, irrespective of the particle size of the WDF, when water is 
added to maintain the fi nal moisture. If water is not added to keep the moisture 
constant, shear strength increases. Hardness and cohesiveness of minced fi sh 
muscle are inversely proportional to the amount of WDF added (Sánchez-Alonso 
 et al. , 2007b). The incorporation of WDF increased the whiteness of minced horse 
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mackerel and hake muscle samples, in proportion to the amount of WDF added. 
This is important for consumers, as they value whiteness in fi sheries products 
highly (Ang, 1993). Samples with WDF differed from the control in sensory 
aspects ( Fig. 17.4 ), mainly related to texture. In the horse mackerel samples, the 
inclusion of WDF reduced the strong taste of the muscle, which is a feature 
characteristic. In both types of samples, those with 3% added WDF scored a little 
lower than the control, but samples with 6% were not acceptable (Sánchez-Alonso 
 et al. , 2007b). 
 Other cellulose DFs used as ingredients in surimi  products 
 The literature describes a trend of gradually declining hardness and gel strength in 
fi sh protein gels with increasing concentrations of added cellulosic DF (other than 
WDF); this is associated with discontinuity in the structure of the protein matrix 
that forms the gel, irregular distribution of water in the gel matrix due to 
competition affecting hydration of the DF, and lower protein content (Yoon and 
Lee, 1990; Tudorica  et al. , 2002). When cellulose is added to moulded or fi breized 
seafood products, the tendency to acquire a dry, rubbery texture during frozen 
storage is reduced (Yoon and Lee, 1990). 
 Yoon and Lee (1990) examined the cryoprotective, texture- modifying and 
freeze- thaw stabilizing effects of 1–2% powdered cellulose (Solka Floc®) in red 
hake  surimi products. These authors reported that cellulose effectively reduced 
the usage level of cryoprotectants, and hence sweetness. Cellulose also reduces 
the amount of modifi ed starch needed in  surimi products, thus achieving a non- 
starchy texture. It also prevents gelled products from becoming rubbery and dry 
during frozen storage by reducing freeze syneresis and improving water binding. 
 Other cellulose DFs used as ingredients in minced fi sh products 
 In order to develop a healthy low- fat fi sh sausage from minced hake ( Merluccius 
capensis ), Cardoso  et al. (2008) added 4% pea DF (Swelite®) as an ingredient in 
 Fig. 17.4  Sensory evaluation: results of quantitative descriptive analysis carried out in 
cooked samples (H: hake; M: horse mackerel). 0: control without WDF; L3 and L6: 3% 
and 6% long particle WDF added, respectively (moisture adjusted to 81.5%); L3*: 3% long 
particle WDF added (fi nal moisture not adjusted); S3: 3% short particle WDF added 
(moisture adjusted to 81.5%).  
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fi sh sausages; this contains two- thirds cellulose. These authors concluded that it is 
possible to make a texturally acceptable sausage by combining lower fat content 
with increased Swelite® content. 
 CMC is a water- soluble polymer with different properties depending on 
the extent of modifi cation of the cellulose ether structure. Addition of 1–4% CMC 
to minced blue whiting muscle produced a signifi cant decrease in gel- forming 
ability and hardness, as shown in  Table 17.1 (Pérez-Mateos and Montero, 2000). 
Chen and Xue (2009) reported that the addition of CMC modifi ed the gelation 
properties of horse mackerel  surimi , though to a lesser extent than other 
hydrocolloids (curdlan, tamarind gum, glucomannan and carrageenan). CMC 
needs large amounts of water to swell; not much water is released by the muscular 
protein, and therefore the CMC behaves as an inert fi ller in the fi sh–protein 
matrix of blue whiting minced gels, which are relatively water- constrained 
(Pérez-Mateos  et al. , 2001). As noted earlier, the gelling treatment may 
produce an alteration in the hydrocolloid structure which could infl uence its 
behaviour as a texturizing additive and also as DF. As  Fig. 17.1 shows, CMC 
signifi cantly increases the WHC of gels after pressure gelling treatment (Montero 
 et al. , 2001). 
 17.3.3 Fruits 
 Grape dietary fi bre 
 The chief characteristics of the grape DF concentrates (GDF) obtained from wine 
industry by- products are high total DF content (> 70%), a relatively high ratio of 
soluble to total DF content, and the presence of associated polyphenolic 
compounds (> 5%) (Sánchez-Alonso  et al. , 2007c; 2008). The effect of addition 
of these GDFs to minced fi sh muscle and their effect on suitability for frozen 
storage have been studied for technological purposes. Both white and red GDFs 
were used as ingredients in minced fi sh muscle in proportions of 2 and 4% 
(Sánchez-Alonso  et al. , 2007c, d; 2008; Sánchez-Alonso and Borderías, 2008). 
However, GDF was not used in  surimi , since the authors found a dramatic 
reduction of its gel- forming ability. 
 Water holding during frozen storage was higher in mince with added GDF than 
in control without GDF. GDF also reduced the thaw drip loss and increased the 
cooking yield, so here again GDF addition appears to be a good means of 
preventing the breadcrumb coating from breaking because of excessive drip 
release when frozen breaded portions are deep- fried. Also, mechanical properties 
were modifi ed, reducing cohesiveness and hardness (Sánchez-Alonso  et al. , 
2007d; Sánchez-Alonso and Borderías, 2008). The main advantage of these GDFs 
was that they acted as strong antioxidants when added at 2% to frozen stored 
horse mackerel mince (Sánchez-Alonso  et al. , 2007c; 2008). Their antioxidant 
properties come chiefl y from extractable polyphenols (Sánchez-Alonso  et al. , 
2007e). The main drawback is that addition of more than 2% GDF produces some 
undesirable fl avours and a colouring that is diffi cult to camoufl age even in a 
strongly coloured muscle like horse mackerel. 
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 Some consumer studies have been conducted on fi sh mince with added GDF. 
One recommendation arising from these was to use other sources of ADF, since it 
was shown that consumers did not like to mix terrestrial with seafood/fi sh DF but 
preferred DF of marine origin, for example seaweed DF (Careche  et al. , 2008). 
Also, DF colour can be a problem for white seafood muscle; however, what is a 
disadvantage in a traditional product like the ones cited may be an advantage in 
the case of new, fancier products such as snacks or salad- bar products ( Fig. 17.5 ) 
(Careche  et al. , 2011). 
 Pectin 
 Pectins are another kind of soluble DFs found in fruits and vegetables, mainly 
citrus peels or apples. Pectin has been added as a cryoprotectant to cod and marlin 
fi sh  surimi , though the  surimi presented less freezing stability and gel- forming 
ability than when the traditional cryoprotectant sorbitol was used (Sych  et al. , 
1990; Ueng and Chu, 1996). There are only a few studies in which pectins have 
been used at 1–5% (w/w) in seafood products to increase the mechanical properties 
of the  surimi gel (Barrera  et al. , 2002; Uresti  et al. , 2003a, b). In general, neither 
high- nor low- methoxyl pectins improve the mechanical properties of  surimi ; 
however, amidated pectins have been reported to improve its gelling properties. In 
fact, 25% amidated low methoxyl pectin can be added to restructured fi sh products 
at 1–5% to offer adequate textural properties with almost no perceptible changes 
in colour attributes (Ramírez  et al. , 2007; Rodríguez  et al. , 2008). However, some 
studies have reported that pectin had a negative effect on the gelation properties 
of horse mackerel  surimi , causing the formation of an impacted network with 
huge holes (Chen and Xue, 2009). Besides textural modifi cation, some researchers 
have used citrus pectin in fi sh burgers in order to improve organoleptic properties 
(Kasapis  et al. , 2004). 
 17.3.4 Polysaccharide produced by microbial fermentation 
 Xanthan gum is a soluble DF produced from pure culture fermentation of the 
microorganism  Xanthomonas campestris . Xanthan behaves differently from other 
anionic hydrocolloids, probably due to its large molecular size, producing softer 
fi sh mince gels, as shown in  Table 17.1 (Pérez-Mateos and Montero, 2000). These 
authors also report that the addition of 1–4% xanthan gum to minced fi sh muscle 
produced a considerable decrease in hardness ( Table 17.1 ), elasticity and 
adhesiveness of blue whiting gel (Pérez-Mateos and Montero, 2000). It is 
important to note that 0.5% xanthan gum signifi cantly increased the WHC of the 
gels after high pressure gelling treatment ( Fig. 17.1 ) (Montero  et al. , 2001). 
Ramírez  et al. (2002) reported a disruptive effect on the gel- forming ability of 
 surimi with xanthan at 0.75–1%, though this negative effect was partially inhibited 
with addition of 0.4% calcium chloride. As noted earlier in the case of pectin, 
Chen and Xue (2009) also reported a negative effect of xanthan gum addition on 
the gelation properties of  surimi , producing an impacted network with huge holes. 
In terms of fi sh gel microstructure, xanthan gum interacted with the fi sh–protein 
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 Fig. 17.5  Fancy brochette with added wheat DF and  Fucus DF. 
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matrix (Pérez-Mateos  et al. , 2001), forming a mesh of fi laments inside the cavities 
of the heat- induced gel (Montero  et al. , 2000). Addition of a blend of xanthan and 
locust bean gums (ratio 0.25/0.75) has been reported to enhance the mechanical 
properties of myofi brillar proteins from silver carp ( Hypophthalmichthys 
molitrixat ) (Ramírez  et al. , 2002). As mentioned above, most of these levels of 
fi bre addition are too low to be classifi ed as fortifi cation. 
 Curdlan, generic name  β -(1–3)- D -glucan, is another microbial polysaccharide 
and an insoluble DF. Chen and Xue (2009) studied the addition of different 
hydrocolloids, of which curdlan produced the most benefi cial effect on the 
gelation properties of horse mackerel  surimi . When silver carp mince was mixed 
with curdlan at a concentration of 1–3%, the gel strength and hardness of the 
resulting gels increased (Yinghong  et al. , 2003). 
 17.3.5 Others 
 Non- digestible oligosaccharides are potentially prebiotic soluble DF products. 
Protein cryoprotectants (such as trehalose, sorbitol and maltodextrin) are 
commonly used at concentrations of 4–8% in fi sh muscle to minimize thaw loss 
and texture changes of fi sh muscle (Nopianti  et al. , 2011). 
 Inulin (Fibruline®), from chicory root, worsened textural quality and WHC 
when added at 4% (w/w) to restructured fi sh products made with South African 
hake mince (Cardoso  et al. , 2007a, b; 2008). Following on from these studies, it 
was found that the textural quality of gels from Atlantic mackerel ( Scomber 
scombrus ) and chub mackerel ( Scomber japonicus )  surimi and from sea bass 
( Dicentrarchus labrax ) trimmings, containing inulin, could be enhanced by 
addition of 1–2% carrageenan or 0.5% microbial transglutaminase (MTGase) 
(Cardoso  et al. , 2009; 2010b; 2011a, b). The same authors successfully developed 
a healthy low- fat fi sh sausage containing inulin and South African hake mince as 
a pork meat replacer (Cardoso  et al. , 2008), fortifi ed with omega-3 fatty acids 
(Cardoso  et al. , 2010a). 
 Park (1996) used glucomannan from konjac fl our as an ingredient in both 
Alaska pollock and Pacifi c whiting  surimi . Five per cent konjac fl our reinforced 
the shear stress of gels 8–10-fold and exhibited an ability to maintain consistent 
shear strain values against repeated freeze/thaw abuse. This fl our increased the 
lightness of gels at concentrations up to 2%, with a gradually increasing yellow 
hue from there up to 5%. Cardoso  et al. (2011b) reported an increase of the 
hardness and elastic modulus of seabream ( Sparus aurata ) mince with 1% added 
konjac fl our, but gels were less deformable and so of poorer quality. These authors 
also reported a mutual reinforcement of gel hardness when MTGase and konjac 
fl our were added together. In the two papers cited, konjac fl our was added as a 
fi ller and not as a gelling agent; the aim was to raise the pH in order to obtain 
thermostable gels after deacetylation. Iglesias-Otero  et al. (2010) added konjac 
glucomannan to poor quality squid  surimi in a fi nal proportion of 0.1% in order to 
bring the pH up to around 10 and so improve the gelation quality of the  surimi 
through the formation of a parallel thermostable network. Solo- de-Zaldivar  et al. 
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(2012) studied glucomannan gelation with a view to making restructured seafood 
products based on a non- functional mince and an aqueous solution of glucomannan 
(at a fi nal concentration of 1.5%) in order to achieve structures with non- functional 
mince, such as muscle which has been previously heated. 
 Glucomannan has also been studied as a cryoprotectant in  surimi of grass carp 
( Ctenophryngodon idella) (Xiong  et al. , 2009). These authors reported that the 
cryoprotective effect of 1% glucomannan was as good as that of a conventional 
cryoprotectant. They also reported that at this level the breaking force and 
deformation of gels increased, and that the water properties of  surimi improved 
while whiteness decreased. 
 17.4 Conclusion 
 It is accepted that consumption of DF exerts a positive effect on human physiology 
through the gastrointestinal tract, in addition to certain metabolic activities. DF 
supplementation could thus considerably enhance the nutritional value of a very 
healthy food like fi sh. DF is not only a healthy complement in seafood products 
but is also useful for developing new seafood products, especially restructured 
products. To that end, a compromise needs to be found in order to meet functional 
and technological requirements while offering consumers healthy, tasty and 
attractive seafood products. 
 Soluble DFs have been used for many years and are essential ingredients in 
many seafood formulations. Other less widely used DFs, for instance from some 
cereals, fruits or seaweeds, have a good soluble/insoluble DF balance, which is 
better from a physiological point of view, and they also have useful technological 
properties for restructured seafood products. Also, antioxidant DFs offer a new 
way to prevent oxidation of highly unsaturated seafood lipids. 
 17.5 Future trends 
 The nutritional properties of DF can further complement the healthy characteristics 
of seafood with added benefi cial effects such as reducing cholesterolaemia, 
modifying glycaemic response, reducing nutrient availability, prebiotic capacity, 
and so on. In many applications, the amounts of DF used may be too low to exert 
physiological effects; however, in the diet the sum of this and other DF from other 
sources can defi nitely be benefi cial. Further intervention studies are needed to 
confi rm the benefi cial effects of DFs in general and balanced soluble/insoluble 
DFs in particular. As new ADFs are identifi ed, they may be found suitable for 
addition to restructured fi sh products. 
 To date, DF has been added directly to restructured seafood products 
made from minced muscle. However, no other ways of adding DF ingredients, 
such as by injection in liquid dispersion into the whole fi sh muscle, have been 
reported. 
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 Given the increasing awareness of health issues among consumers, the 
substitution of chemical for natural antioxidants like ADF is a sound argument in 
favour of future development. Another compelling argument is the replacement of 
polyphosphates and other additives for DFs to bind water and thus achieve a 
better texture. 
 The development of novel modifi ed DFs with optimized properties for certain 
applications in particular products offers the prospect of better ingredients to bind 
water and probably improved gelation of muscle proteins in order to develop 
different kinds of textures. 
 The use of seaweed and seaweed DF as an ingredient in restructured seafood 
products offers the opportunity to create new fancy and healthy products which 
may be well received by consumers with the help of communication campaigns. 
Also, the sea- associated fl avour imparted by seaweed, and the fact of its marine 
origin, are likely to enhance consumer acceptance. 
 Given the foreseeable need for the seafood industry to upgrade industrial by- 
products and by- catches through increasing development of restructured products, 
it will be necessary to use different ingredients such as traditional DFs – alginates, 
carrageenans and so on – and to design new ones to meet all kinds of technological 
requirements. 
 In general, DF fortifi cation of seafood is still a largely empirical process. 
Clearly, then, further research into the effect of DF and associated substances and 
the development of new modifi ed DFs targeting different technological effects 
will produce changes in seafood technology, especially in the fi eld of processed 
seafood products. 
 17.6 Sources of further information and advice 
 Research and interest groups 
 •  Institute of Food Science, Technology and Nutrition (ICTAN-CSIC), a part of 
the Spanish National Science Research Council (CSIC). The Research 
Departments of Products considers different aspects related to the design, 
recovery and innovation of restructured seafood products. 
 •  West European Fish Technologists’ Association (WEFTA) is a major European 
platform for institutes engaged in fi sh and food science and technology. 
 •  Atlantic Fisheries Technology Conference (AFTC) promotes the application of 
science and engineering to the production, processing, packaging, distribution, 
preparation and utilization of fi shery products. 
 •  Seafood Science and Technology Society of the Americas (SST) is a 
professional and educational association of aquatic food product technologists 
focusing on tropical and subtropical species. 
 •  The Pacifi c Fisheries Technologists (PFT) is a professional society for fi sheries 
technologists that promotes better working relationships among companies, 
universities and government laboratories specifi cally involved in Pacifi c 
Fisheries, and also worldwide relationships. 
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 Database and books 
 •  The Global New Products Database (GNPD) facilitates searches for and 
analysis of ingredient trends in new consumer packaged goods, whether the 
search is for a specifi c emerging ingredient or for an overarching trend in 
ingredients. 
 •  Seafood Network Information Center (SeafoodNIC) hosts a bibliographic 
database of citations in fi sh technology with a bias towards composition, 
quality, safety, quality assurance, inspection and regulation of fi shery products. 
 •  Book review:  Marine polysaccharides: food applications (Venugopal, 2011) is 
a useful reference covering the nature, source, production and applications of 
these polysaccharides in food product development and other areas. 
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